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Abstract 

We have investigated an optically stimulated luminescence (OSL) dating study in the 

Nimbluk lakebed in Khorasan, northeast Iran. Two samples of the lake-bed sediments 

from ~1 m below the land surface are successfully dated at 7.3-9.9 ka.  All necessary 

experiments have been performed to choose the most suitable procedure for dating 

quartz extracts using single aliquot regeneration method (SAR). We have employed 

weighted histogram, unweighted histogram and central age model (CAM) for equivalent 

dose determination.  Although, these results of the ages do not allow us to determine the 

timing of desiccation, the results suggest that the early part of the Holocene was much 

wetter than today. This provides valuable palaeo-environmental data in the region.   
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1. Introduction 

Iran is a semi-arid to arid zone; 35.5% of 

Iran is covered by hyper-arid climate, 29.2% 

arid, 20.1% semi-arid, 5% Mediterranean 

and 10% wet. Therefore, more than 75% of 

the total land area of the country is domi-

nated by an arid climate (Iran-UNFCCC, 

2003; Jones et al., 2013).  

Natural extreme events such as 

unexpected warm or cold weathers, storms, 

widespread dust, repeated droughts, heavy 

floods, and hails have occurred in Iran 

during the recent decade. Iran has 

experienced 17 major droughts during the 

previous 44 years. During the Past 60 years 

more than 6470 flood events were reported 

and over 42% of them occurred in the last 10 

years. The areas more affected by this 

change are water resources, health, 

agriculture and environment. This requires 

plans to reduce the harmful effects of 

climate change. Increased exposure to 

droughts, floods and storms is already 

destroying development opportunities and 

reinforcing inequalities (Molanejad & 

Ranjbar, 2014). Iran national climate change 

office was established in January 1998 to 

protect the environment and to help mitigate 

global climate change.  However, it is 

important to mention that climate change is 

not just a future scenario; but it has been a 

challenge for humans in this century and 

since ancient time. Study on the past can 

open the window for future.  For example, 

looking back in time can help us better 

understand how droughts unfold. As 

instrument records exist only up to 

maximum 300 years, we can use 

paleoclimate data to supplement that 

instrument record. These data allow us to 

examine droughts that happened centuries 

ago. Paleoclimate records are developed 

from natural environmental records, such as 

the chemical makeup of sediments at the 

bottoms of the lakes. To reconstruct 

drought-related variables from these 

environmental data, we can calibrate the 

paleoclimate records via the instrumental 

records to determine how well the natural 

records can estimate the climate records. 

These can be used to define the 

mathematical relationship between the 

paleoclimate data and the climate record and 

use that information to produce a model. 

This model allows us to reconstruct climate 

conditions as far back as we have 

paleoclimate data, which can often be up to 

thousands of years. 

The main source of extreme climate 

change in current century has been attributed 

to human being by producing unbalanced 

gas in the atmosphere. This has caused the 

green house effects. Since past, nature has 
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been responsible for climate change. The 

variations of the sun-earth geometry related 

to changes in excentricity, (100 ka), 

obliquity (40 ka) and precession of the 

earth’s orbit (23 ka) during the Milankovitch 

chron (Fig. 1), has correlated with the timing 

of climate change (Berger, 1994). The so-

called Dansgaard-Oeschger events 

(Dansgaard et al., 1993; Johnsen et al., 

1992), the Heinrich events or the 8.2 ka 

event (Rohling and Pälike, 2005) are some 

other natural effects. While global event 

during quaternary have been identified 

mainly using Oxygen isotope values (δ18O) 

of deep sea sediments and ice cores, 

evidence of Pleistocene and Holocene 

climate fluctuations in Iran has been 

documented in different geomorphic 

systems. Erosion physical features such as 

dry riverbeds, alluvial fans, sand dunes, and 

aeolian deposits all give clues to 

environmental changes. The extent and level 

of lakes (e.g., Van Zeist and Wright, 1963; 

Kelts and Shahrabi, 1986; Djamali et al., 

2008; Ramezani et al., 2008), and playas or 

kavirs (Krinsley, 1970) have also been 

widely studied as indicators of climatic 

fluctuations. Pollen and other organisms 

associated with lake sediments can be used 

to trace changing conditions to analyze 

historical records. There have been some 

studies on past climates in some parts of 

Iran, attempting to link climate with past 

environmental conditions in the Late 

Pleistocene-Holocene.  Although, few 

palaeoclimate proxy data exist for the 

Holocene in Iran and mainly from 

palynological analysis of sediment cores 

from Lakes (Kehl, 2009), the most complete 

records of climate change in Iran come from 

lake cores from the north-west Zagros (Jones 

et al., 2013), i.e. lakes Zeribar, Mirabad (e.g. 

vanZeist and Botema, 1977; Griffiths et al., 

2001; Stevens et al., 2001, 2006), and Urmia 

(e.g. Bottema, 1986). 

Dry lake basins are a prominent feature 

on the geography of the desert interior of 

Iran. They have the potential to contain 

information on the past changes in the 

environment of this presently extremely arid 

region. The timing of lake formation and 

desiccation in eastern Iran are, however, not 

well constrained at present. 

Walker and Fattahi (2011) built a 

scenario of evolution of the landscape of 

eastern Iran through the Holocene using the 

information of published papers. Due to the 

importance of lakebed deposition in 

Nimbulk Plain, they referred to an abstract 

presented in a meeting in Oxford and 

reported the brief information of one OSL 

sample taken from that region. We collected 

another sample from the same region in a 

different place. The focus of our study is the 

Nimbluk valley, which is one of several 

enclosed basins within Khorasan province in 

northeast Iran. We provide the results of 

these two OSL samples. However, given the 

overall scarcity of palaeo-environmental 

studies in the interior of Iran, these ages 

constraint provide useful insight into the 

environmental changes shaped the 

landscape. 

 

 

Fig. 1. Schematics of Milankovitch cycles. Milankovitch cycles describe the changes in the way the earth orbits the 

sun. These changes define the sequence of ice ages and warm periods. ‘E’ denotes eccentricity (The earth’s 

orbit changes from being nearly circular to slightly elliptical). This cycle is affected by other planets in the solar 

system and has a period of around 100,000 years. ‘T’ denotes obliquity (The angle of tilt of the earth’s axis 

changes from 22.1° to 24.5°). This cycle has a period of 41,000 years. ‘P’ denotes precession (changes in the 

direction of the axis tilt at a given point of the orbit). Source: Rahmstorf and Schellnhuber (2006). 
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Eastern Iran is a land of high mountains 

surrounded by inhospitable desert depressions. 

The extremely arid environment across much 

of the country forces most of the population to 

inhabit relatively in the narrow fringes of land 

flanked by high mountains on the one side and 

by barren desert on the other. Even at the 

desert margins, the rivers are dry except during 

rare floods, and agriculture has relied on the 

Qanat, tapping and distribution of scarce 

groundwater supplies. 

The morphology of eastern Iran was 

resulted from active faulting and mountain 

building associated with the Arabia-Eurasia 

continental collision. Central Iran is moving 

northwards relative to western Afghanistan 

at a rate of 16 ± 2 mm/yr (Vernant et al., 

2004). This has produced north-south, right-

lateral shear in south part of latitude 34°N 

that surround Dasht-e-Lut (e.g., Walker and 

Jackson, 2004; Walker et al., 2004; Meyer 

and Le Dortz, 2007) and east-west, left-

lateral, faults that are thought to rotate 

clockwise around a vertical axis (Jackson 

and McKenzie, 1984) in north latitude 34°N. 

The most prominent features of the left-lateral 

faults are the Doruneh and Dasht-e-Bayaz. The 

Nimbluk basin has been formed as a 

consequence of thrust faulting and mountain-

building around the Dasht-e-Bayaz fault– the 

main strand of which cuts through the northern 

part of the basin (Fig. 2).
 

 
(a) 

 
(b) 

Fig. 2. (a) Shaded-relief SRTM digital topography of the Nimbluk valley. Contours at 10 m intervals are shown for 

elevations of 1500 m and less. Drainage within the Nimbluk valley flows southwards to Qayen through a narrow 

canyon. (b) LANDSAT satellite image (band 5) of the same area as in Fig. 2a is shown with ruptures of the 

Dasht-e-Bayaz earthquake in 1968 (Ambraseys and Tchalenko, 1969; Tchalenko and Ambraseys, 1970; 

Tchalenko and Berberian, 1975; Berberian, 1976). Light-coloured regions in the valley are outcrops of lakebed 

sediments. The lakebeds are rimmed by agricultural regions in the area east and southeast Khezri. The margins 

of the valley are composed of alluvial fans originating from the surrounding mountains. The locations of the 

Pol Daraz sampling sites are labeled (Fig. 3).   
 

 

 

 



4                                              Journal of the Earth and Space Physics, Vol. 41, No. 4, 2016 

 
 

2. Landscape development in the Nimbluk 

valley 

Digital topography and LANDSAT satellite 

imagery of the Nimbluk valley and its 

surroundings are shown in Figure 2. The 

low-relief base of the valley is ~30 km wide 

in a WNW-ESE direction and 15 km wide in 

a NNE-SSW direction. The base of the 

valley is not completely flat and there is ~40 

m of relief from the lowest elevation point to 

the margin of lakebed exposure (Fig. 2a). 

Alluvial fan deposits cover the margins of 

the valley. Central parts of the valley are 

covered by light-coloured lakebed marls 

(visible as light colours in the LANDSAT 

image; Fig. 2b). A narrow band of 

agriculture runs along the transition between 

alluvium and lakebed sediments. Although 

lakebed deposits outcrop across the major 

part of the valley, the basin is not closed at 

the present-day; with drainage instead 

flowing southwards through a narrow 

canyon towards the town of Qayen (Fig. 2a). 

We suspect, therefore, that the Nimbluk 

basin was once closed, allowing the 

formation of a lake, which at some point 

spilled southwards to re-establish an outlet 

for the drainage.  

 

3. Optically-stimulated luminescence 

(OSL) dating of the Nimbluk lake-bed 

sediments 

In the north part of the village of Khezri, 

immediately to the east part of the main 

Qayen to Gonabad road, sediments of the 

Nimbluk palaeo-lake are exposed at Pol 

Daraz (Fig. 3a). Pol Daraz is a low table 

land, ~8 m higher than the rest of the 

Nimbluk valley, where it has been uplifted 

by a small component of vertical slip on the 

Dasht-e-Bayaz fault. 

We collected two samples for OSL 

dating.  A sample of lake-bed sediments 

(Fig. 3b) was extracted as a single large 

block with dimensions of ~30 cm on each 

side from a vertical exposure of fine-grained 

and homogeneous lake-bed sediments (the 

location of this sample, DB1, is 34:02:02.4 

N; 58:49:56.6 E; Altitude 1540 m, see Fig. 

3b). Another sample was collected by 

driving 50-mm-diameter opaque satinless 

steel tube into cleaned lake deposit (the 

location of this sample, DB2, is 

34:02:04.0N; 58:49:51.2E; 1554 m; Fig. 3c). 

Both samples were covered by black plastics 

and transferred to the dark room in the 

Institute of Geophysics. 

Under subdued red light in the 

laboratory, the outside, with light exposed, 

some parts of the block sample, DB1, were 

trimmed and removed. Two centimetres 

from both sides of tube sample, DB2, which 

could be exposed to light was separated and 

used for moisture measurement. The rest 

was used for equivalent dose determination.  

A portion of both samples were wet-sieved 

to separate the 90-150 µm grains and 

immersed for two days in 1 N HCl to remove 

carbonate, followed by one day immersion 

in H2O2 to remove organic material. The 

procedure was followed by heavy liquid 

separation. The grains were then treated with 

48% Fluorosilicic acid for 45 min in order to 

remove feldspar. The quartz separates were 

mounted as a monolayer (approximately 5 

mg/disc) on 10 mm diameter aluminium 

discs (aliquot) using a silicon spray as 

adhesive. 

All the experiments reported here were 

carried out in Oxford University luminescence 

lab using a Risø (Model TL/OSL-DA-15) 

automated TL/OSL system (fitted with 

a90Sr/90Y beta source delivering ∼5 Gyr 

min−1) equipped with a blue (= 470 nm) diode 

array(p = 24 mW cm−2) as stimulation sources. 

The intensity of light incident on the sample 

was about 400mWcm−2. OSL was detected 

using an Electron Tubes bi-alkaline PMT. 

Luminescence was measured through 7 mm 

Hoya U-340 filters. 

Quartz grains were dated with OSL using 

the single aliquot regenerative-dose (SAR) 

protocol (Table 1). SAR (Murray and Wintle, 

2000) uses the luminescence signal from a test 

dose administrated after the regeneration dose 

luminescence measurement to monitor, and 

then correct for, any sample sensitivity 

changes during the measurement process.  The 

fundamental assumption in SAR protocol is 

that if a plot of regeneration dose OSL (Lx) vs. 

test dose OSL (Tx) shows a straight line that 

passes through the origin, the sensitivity-

correction procedure will work properly. We 

checked sensitivity changes of the quartz 

extraction of the sample, DB1, by repeated (8 

times) cycles in SAR procedure with a 

repeated fixed regeneration and test dose. It 

showed a linear relationship which passed 

through the origin. 
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(a) 

 

 
(b) 

Fig. 3. (a) Field Photograph shows lake-bed sediments of the Nimbluk basin at Pol Daraz and the mountain in the 

distance as scale. It also shows the DE2 OSL sample location (b) Field photograph shows an exposure of fine-

grained fluvial deposits at the DE1 OSL sampling location. The height of the fault scarp is ~8 m (see figures in 

the distance for scale). The DE1 was taken from the wall of a small excavation into the scarp.  

 

 
Table 1. Generalized single aliquot regenerated sequence and outline of the steps involved in the SAR method. 

*Observed Lx and Tx are derived from the initial IRSL signal (2 s) minus a background estimated from the 

last part of the stimulation curve. In corrected natural signal N= L0/T0; in corrected regenerated signal 

Rx=Lx/Tx (x=1-5). Note that in step 2, the sample has been heated to the pre-heat temperature using TL and 

held at that temperature for 10 s.  

 Step Treatment 1 *Ob 

1 

2 

3 

4 

5 

6 

7 

Give dose  

Pre-heat (TL 200-300ºC) 

Stimulation (at 120ºC)  

Give test dose 

Cut-heat (TL 120-260ºC) 

Stimulation (at 125ºC) 

Return to 1 

_ 

_ 

Lx 

_ 

_ 

Tx 

_ 
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To investigate the saturation of 

luminescence signal of sample, DB1, the 

SAR protocol using 9 different regenerative 

doses were performed.  It is clear from 

Figure 4 that a natural dose of >100 Gray 

(Gy) could be accurately measured before 

saturation. To test thermal transfer of charge 

into the OSL traps as a result of preheating 

(e.g., Rhodes, 2000), the natural aliquots 

were stimulated at room temperature and 

OSL was measured for 100 sec, with more 

than 4 hours delay between stimulations (to 

empty the rapidly bleaching test). Very low 

OSL signal (2% of the natural) was observed 

for the second measurement. This suggests 

that thermal transfer is not an effective 

source of uncertainty in these aliquots.  

Dose recovery tests were carried out to 

provide a method to determine whether the 

overall effects of sensitivity changes had 

been properly corrected for. Three aliquots 

of sample, DB1, were used for each preheat 

or cut heat temperature. After depleting the 

natural signal, each aliquot was given 

~24.66 Gy of beta dose and this dose was 

measured using the SAR procedures. Cut 

heat was initially fixed at 220ºC for 10 s and 

pre-heat had changes between 200 to 300ºC. 

Then, the pre-heat was fixed at 260ºC and 

the cut heat varied between 120-260ºC. The 

SAR procedure successfully recovered the 

lab dose at different temperatures (Fig. 5).    
 

 

Fig. 4. Growth curve with Natural OSL decay curve. The first regenerative dose was repeated in the end of measurement 

(filled circle). Recuperation is close to zero and is shown as filled triangle. The test dose was 7 Gy. The natural 

OSL decay curve is shown inset. Error bars are too small to show. 

 

 
(a) 

 

(b) 

Fig. 5. Dose recovery test. (a) The cut heat was fixed at 220ºC and sample temperature was 125ºC. (b) The pre heat 

was fixed at 260ºC and sample temperature was 125ºC. The ratio of measured to given dose is shown as filled 

circles and the recycling ratios (R5/R1) of each temperature as open circles. Error bars are too small to show. 
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Fig. 6. Plot of equivalent dose as a function of pre-heat temperature. (a) The cut heat was fixed at 220ºC and sample 

temperature was 125ºC. The line is presented to show the accepted value of De (24.7 ± 2.7 Gy) for age 

determination. The scattering of De measured for each pre-heat temperature is shown by large variability in the 

error bars. The Equivalent doses are shown as filled circles and the recycling ratios (R5/R1) of each temperature 

as open circles. 

 
The average ratios of observed to given 

dose for preheat platue and cut heat platue 

were 1.002±0.020 and 1.003±.036, 

respectively. These results showed that the 

overall effects of sensitivity changes (arising 

from possible changes in both electron 

trapping and luminescence recombination 

probabilities) are corrected. To determine the 

appropriate thermal pre-treatments in the SAR 

(Table 1), pre-heat platue was carried out. 

Figure 6 shows an apparently constant De in 

the temperature range 200-300ºC with the 

relevant recycling ratios (R5/R1) close to unity 

(Average 1.036 ± 0.036) for sample, DB1. 

Based on the above experiments, a pre-heat 

temperature of 260ºC (Step 2 in Table 1) and a 

cut heat of 220° (Step 5 in Table 1) were 

selected for De determination. 

Twenty two and Twenty six medium size 

aliquots of samples, DB1 and DB2, 

respectively, were prepared and measured 

using the optimised SAR protocol. 

Following the measurement of the naturally 

acquired dose, a dose-response curve was 

constructed from five dose points including 

three regenerative doses (8, 16 and 26 Gy), 

and a zero dose. A replicate measurement of 

the lowest regenerative dose was carried out 

at the end of each SAR cycle. The first 2 

seconds of the OSL decay curve was used 

for the signal, and the final 15 s of the OSL 

decay curve was used as a background for all 

measurements. The De was determined by 

interpolation and the sensitivity was 

corrected by dividing Lx by Tx. 

No aliquot produced significant 

recuperation signals and all produced 

recycling ratios between 0.90 and 1.10. 

Figure 7 shows the equivalent dose 

measurement of sample, DB1, as the total 

radiation dose required to replicate the 

natural OSL signal. This is calculated by 

three statistical methods using Analyst for 

each of the aliquots. The results using the 

histogram, weighted histogram, and radial 

plot are similar but not identical (294.5 ± 

36.77 s, 301.7 ± 38.79 s, and 299.39 ± 7.76 

s). The tight clustering of equivalent dose 

measurements suggests that the assumption 

of complete solar resetting on deposition is 

valid in this case.  

The dose rate was calculated from ICP 

mass spectrometer measurements of U, Th 

and 40K for the sample DB1. The dose rate 

for the sample DB2 was calculated from the 

data acquired by field gamma spectroscopy. 

Full preparatory and analytical procedures 

are described in Fattahi et al. (2006). The 

total dose rate (from U, Th and 40K content 

and corrections for cosmic ray and moisture 

contents) was calculated and presented in 

Table 2. 

The calculated mean OSL age for the 

lake-bed samples using the equivalent doses 

provided by different statistical methods is 

presented in Table 3. The minimum and 

maximum ages provided by all methods are 

7.3 and 9.9 ka, respectively.  
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Table 2. The values used to calculate annual dose rate from Dasht-e-Bayaz, northeast Iran. Uncertainties are based on 

the propagation, in quadrature, of errors associated with individual errors for all measured quantities.  

Sampl

e 

Grain 

(µm) 

Wate

r (%) 

Depth 

(m) 
K (%) U (ppm) Th (ppm) 

Cosmic 

(Gy/ka) 

Dose rate 

(mGy/yr) 

DB1 90-150 5 1.25 
1.42 ± 

0.01  
3.2 ± 0.01 

7.20 ± 

0.01 

0.21 ± 

0.13 

2.82 ± 

0.16 

DB2 90-150 5 1.5 
1.27 ± 

0.01 
2.03 ± 0.1 6.88 ± 0.1 

0.22 ± 

0.13 

2.38 ± 

0.15 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. Dose distribution diagrams for 23 aliquots of quartz grains from the Pol Daraz sample presented in (a) (as a 

weighted histogram), (b) (as a Histogram) and (c) (as radio plot) figures. The x-axis for above and middle 

figures is in seconds of exposure to a beta source delivering a dose of ~5 Gy per minute (see Fattahi et al., 

(2006) for further details).  

 
Table 3. The values used to calculate luminescence ages employed three different statistical methods, weighted mean, 

Unweighted mean, and Central age model. 

 De (Gy) ± 
Total 

(Gy/ka) 
± Age (ka) ± 

Weighted DB1 23.9 3.1 2.8 0.2 8.5 1.2 

Unweighted DB1 24.5 3.2 2.8 0.2 8.7 1.2 

CAM  DB1 24.3 1.0 2.8 0.2 8.6 0.6 

Unweighted DB2 21.4 1.7 2.4 0.2 9.0 0.9 

N = 23 Mean = 294.5± 36.77

Dose (s)

5004003002001000

P
ro

b
. 
D

e
n
s
ity

Palaeodose
200.0 300.0 400.0 500.0

0

2

4

6

8

FrequencyN = 23 Mean = 301.7± 38.79

Precision
0.0 20.0 40.0 60.0 80.0

-2.0
0.0
2.0

Palaeodose

260.0

280.0

300.0

320.0

340.0

N = 23

Reference = 299.39

Within 2 sigma = 26.1%
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4. Implications for the palaeoenvironment of 

NE Iran 

Although being one of the hottest and most 

arid regions on the Earth at present, the 

landscape of eastern Iran retains evidence 

that a much milder and wetter environment 

existed at times in the geologically recent 

past. 

Last glacial maximum (LGM) was windy 

and arid in Northeast Iran. This is evident by 

12 m loess deposition at Kalate Naderi 

between ~26-14 ka BP (Karimi et al., 2011); 

and cold and dry in Ardakan, central Iran, 

based on the accumulation of 25 m aeolian 

sand-ramp during ~28.0-18.8 ka BP 

(Thomas et al., 1997). The final loess 

deposition lasted until the Early Holocene. 

This is based on youngest OSL ages around 

10 ka in north Iran (Frechen et al., 2009) and 

around 12 ka in northeast Iran (Karimi et al., 

2011). As there is a common acceptance of 

the close relationship between loess 

accumulations with dry-cold period, these 

suggest that the dry period is possibly ended 

around 10 ka BP in north-northeast Iran.   

Therefore, the results of this research 

have implications for the environmental 

conditions in eastern Iran in the early 

Holocene: a region that has very little 

palaeoclimatic information. The OSL age of 

7.3-9.9 ka for lake-bed deposits in the 

Nimbluk valley show that there was a 

substantial amount of water in a region that 

is now arid. We do not have a constraint on 

the age of the uppermost lake-beds and so do 

not know the exact age at which the lake 

desiccation occurred. In addition, we suspect 

from the morphology of the Nimbluk basin 

that the desiccation occurred at a time of 

elevated lake-level, when the waters were 

able to spill over the enclosing mountains 

and establish an outlet towards the south. 

Thus, even if we were able to constrain the 

age of desiccation we would not be able to 

constrain the timing of aridification. 

However, despite the limitations 

described above, our data do appear to show 

that this part of Iran was much wetter in the 

early part of the Holocene than it is at 

present.  This is also supported by the 

findings of Walker et al. (2010) and Fattahi 

et al. (2014). They also suggested that the 

dry lake bed in south Golbaft, central east 

Iran was possibly wetter than today in early  

to mid-Holocene.     

Given the considerable apparent changes 

in landscape over the last 10 ka, it is possible 

that important developments in human 

society within eastern Iran occurred under 

climatic and environmental conditions that 

were very different from those seen at the 

present (Fouache et al., 2008; Schmidt et al., 

2011). Climatic records (obtained from cave 

carbonates‐ collectively termed 

speleothems) in the eastern Mediterranean 

and Arabian regions, despite occurring 

under very difficult climatic regimes, show 

similar trends towards arid conditions from 

a peak in rainfall at 7‐8 ka (Bar‐Matthews et 

al., 1997; Fleitmann et al., 2007). 

It is worthwhile considering how changes 

in the Holocene environment might affect 

the landscape of eastern Iran. There are few 

quantitative age data on Holocene landscape 

features from NE Iran. Fattahi et al. (2006) 

date the abandonment of alluvial fans at 

Sabzevar (~36°15’N) to ~9-13 ka. Fattahi et 

al. (2007) date an entrenched fan and two 

incised terraces of the Shesh Taraz river on 

the Doruneh fault (~35°15’N) to 10.6 ± 1.3 

ka, 8.2 ± 2.8 ka, and 7.9 ± 3.1 ka. Both of 

these studies suggest changes in river 

hydrology and incision in the early 

Holocene. A separate study from Minab and 

Jiroft in southern Iran (~27-28°N; Regard et 

al., 2006) also finds periods of terrace 

development and fluvial incision in the early 

Holocene (12.8 ± 1.0 ka, 8.4 ± 1.0 ka, and 

5.6 ± 0.6 ka). More recently the 

abandonment of an alluvial fan near Anar in 

central Iran to a maximum of 9.4 ka was 

constrained. The apparent correlation between 

the periods of abandonment of alluvial fans 

and river terraces, and the deposition of 

lakebed sediments, in presently dry regions, 

may indicate that the periods of alluvial fan 

abandonment and river terrace development 

are a response to variations in aridity. Further 

dating studies in Iran are required to clarify 

whether this correlation is real. The 

sedimentary records of lakes and playas in 

western and eastern Iran and loess-soil 

sequences in north and central Iran have also 

shown a strong potential to identify climate 

signals. However, more studies including 

high-resolution sampling and dating of these 

records can provide more detailed information 

of past climates in Iran. 
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